Single-stranded Regions in Replicating DNA of Adenovirus Type 2
(Accepted IO April 1973) SUMMARY DNA-R, a replicate intermediate of adenovirus type 2 (ad. 2) DNA with a linear structure, contains a small amount of single-stranded material which can be digested by specific nucleases. The sedimentation properties of the digestion products are consistent with the assumption that DNA-R represents molecules of ad. 2 DNA replicating unidirectionally.
Adenovirus type 2 (ad. 2) DNA is a linear double-stranded molecule with a tool. wt. of 23 × I o 6 (Green et al. 1967) containing an inverted terminal repetition (Garon, Berry & Rose, i972; Wolfson & Dressier, I972) . We have recently isolated from ad. 2 infected KB cells (J. Robin, P. Bourgaux & D. Bourgaux-Ramoisy, unpublished observations), a new DNA species which we have designated as DNA-R, with the following properties: (I) it is labelled preferentially after short pulses of radioactive thymidine; (2) the label can be chased from DNA-R into mature virus DNA; (3) it can be hybridized with DNA extracted from ad. 2 virus, but not with KB cell DNA; (4) it has the same density as ad. 2 DNA in caesium chloride (CsC1) solution, and sediments in neutral sucrose solution as expected for linear duplexes, being I to 2 times the size of ad. 2 DNA; (5) it is eluted from benzoylated-naphthoylated-DEAE (BND) cellulose (Gillam et al. 1967 ) in a fashion characteristic of partly singlestranded or replicating DNA (Bourgaux, Bourgaux-Ramoisy & Seller, 1971) . DNA-R is thus likely to represent linear molecules of ad. 2 DNA in the act of replication. Sussenbach et al. (1972) have already reported the isolation of linear replicative intermediates of adenovirus type 5 (ad. 5) DNA. Unlike DNA-R, these intermediates show a greater buoyant density than mature virus DNA in CsCl solution, presumably as a result of their containing extended single-stranded regions. In this paper, we report some information on the effect on DNA-R of a nuclease from Neurospora crassa conidia, which is highly specific for singlestranded nucleic acids (Rabin, Preiss & Fraser, I971) .
Confluent monolayer cultures of KB cells were used for propagation and titration of ad. 2 and also for pulse-labelling experiments. The cell cultures were grown in Dulbecco's modified Eagle's medium (DMEM) containing IO % calf serum. Labelled DNA-R was obtained from cells 24 h after infection (I p.f.u./cell). Depending on whether labelling restricted to the growing chains or uniform labelling was desirable, the cultures were incubated at 37 °C in the presence of [aH]-methyl-thymidine (25 #Ci/ml, specific activity IO Ci/m-mol), for io or 60 min, respectively. Virus DNA was extracted using a 1% sodium deoxycholate solution and deproteinized with sodium sarcosinate and pronase as described previously (Bourgaux et al. 1971) . This DNA was then purified using velocity sedimentation through a discontinuous CsC1 gradient, followed by equilibrium density gradient sedimentation in CsCI solution and finally fractionated by chromatography on BND-cellulose (Bourgaux et aI. 197 I) . Double-stranded DNA was eluted first from the column with M-NaC1, o.ooi M-EDTA, o'oi M-2-amino-z-hydroxymethyl-propane-L3-diol (tris)+HC1 buffer, pH 8.1, and then replicating DNA with the same solution added with 2 % (w/v) caffeine. These procedures will be described in detail elsewhere (Robin et al., unpublished observations) . Since growing chains only should be labelled under the conditions used, each of the two DNA fragments generated by the nuclease would contain half of the radioactivity in intact DNA-R, irrespectively of the structure of the latter.
with mol. wts. in the range of ad. 2 DNA, which was assumed to sediment at 31 S (Green et al. 1967) . Most of intact DNA-R was found to sediment as expected for linear duplexes being I to 2 times the size of ad. 2 DNA. Some of it, however, sedimented more rapidly (Fig. I (C) ). This is not surprising, since it has already been observed that replicating molecules sediment more rapidly than mature double-stranded molecules of similar mol. wt. (Bourgaux & Bourgaux-Ramoisy, I970-In contrast, nuclease-treated DNA-R sedimented at a reduced rate (Fig. x (D) ). Indeed, about half of the radioactive fragments were found to cosediment with marker ad. 2 DNA, while the other half sedimented more slowly. None of this material could represent molecules unaffected by the nuclease, for BND-cellulose chromatography had confirmed that, first, essentially all molecules in untreated DNA-R were partly single-stranded and, secondly, nuclease-treated DNA-R consisted of doublestranded material exclusively.
If only widely accepted models are taken into consideration, at least two alternative mechanisms could operate in the replication of linear double-stranded DNA molecules. Duplication could either start from a point at one end, or close to one end (Dressier, WoIfson & Magazin, 1972) of the molecule and proceed in the direction of the other end. Or it could start at a point somewhere in the middle of the molecule, and proceed from there in the two opposite directions. Linear replicating molecules would thus include either one or two growing points, and therefore either one or two single-stranded regions located at the growing fork(s) (Watson, 1972) . As shown in Fig. 2 , the product of the reaction with the Neurospora crassa nuclease would have different sedimentation properties in the two alternatives. In the first alternative (Fig. 2, top) , half of the growing (or radioactive, in our experiment) chains would be found in linear duplexes of the size ofad. 2 DNA, while the other half would be recovered within a collection of linear duplexes ranging from zero to one unit-length. In the second alternative (Fig. 2, bottom) the digestion product would be more homogeneous. The two single-stranded regions being located trans on the molecule (Bourgaux & Bourgaux- 
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The amount of aeid-precipitable radioactivity (et/min) in the preparation was determined before and after incubation with the nucleases. Each figure represents the average of two determinations. When below unity, the residual fraction is given in parentheses.
Ramoisy, I97I ; Watson, 1972) , the nuclease would split it into approximately two halves, i.e. into linear fragments which most often would be shorter than one unit-length. The sedimentation properties of DNA-R (Fig. I D) are clearly in favour of the first alternative.
Having isolated replicative intermediates of ad. 5 DNA containing extended singlestranded regions, Sussenbach et al. (I972) have indicated the possibility that the complementary chains of this DNA might not always be replicated simultaneously. DNA-R, however, seems to contain little single-stranded material, as suggested by the following experiment. Virus DNA was obtained from KB cells which had been labelled with [3H]-thymidine from the 23rd to the 24th h after infection, i.e. under conditions which would label DNA-R uniformly (Robin et al., unpublished observations) . Mature DNA and DNA-R were separated after chromatography on BND-cellulose. Some of the former DNA was denatured by boiling for io min followed by quick cooling. The three DNA preparations were added with denatured purified calf thymus DNA (Sigma; 25 #g/ml) and treated with either deoxyribonuclease I (Sigma; IOO ~g/ml) for 3 ° rain at 37 °C, or Neurospora crassa nuclease as already described (Bourgaux, I97O) , or $1 nuclease (Seikagaku Kogyo Co. Ltd., Tokyo; IOOO units/ml)from'Aspergillus oryzae (Ando, 1966) under the conditions described by Sutton (I97I) for the hydrolysis of single-stranded DNA° The latter two nucleases rendered over 8o % of the radioactive denatured DNA acid-soluble, and less than I5 % of DNA-R (Table I) . This suggests that, on the average, the single-stranded regions included in molecules of DNA-R would represent less than one-fifth of their total length. Hence, the buoyant density of DNA-R in CsC1 solution should be greater than that of mature DNA by o-oo3 g/ml at the most (Vinograd et al. I963 ) -a difference which we could not have detected in our gradients. It is possible that the apparent discrepancies between the results of Sussenbach et al. (1972) and ours could be due to differences in the conditions selected for the labelling of the replicating intermediates. This question is currently being investigated.
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